Two non-synonymous SNPs that lead to amino acid changes at position 12 (W12G) and 433 (V433M), were identified. Both of these variants were found to be frequent in both African-and European-American sampling panels (9-21% minor allele frequency), and the W12G polymorphism exhibited extensive linkage disequilibrium with surrounding SNPs. In order to determine the functional significance of these mutations on the ability of the CYP4F2 enzyme to metabolize arachidonic acid and leukotriene B 4 (LTB 4 ), recombinant baculoviruses containing four different human CYP4F2 variants (i.e. W12/V433, W12/M433, G12/V433, G12/M433) were generated and the proteins expressed in Sf9 insect cells. The presence of the M433 allele, W12/M433 or G12/M433 decreased 20-HETE production to 56-66% of control. In contrast these variants had no effect on the w-hydroxylation of LTB 4 . These findings are the first to identify a functional variant in the human CYP4F2 gene that alters the production of 20-HETE.
. Although some studies have suggested that increased levels of in the renal vasculature may underlie the development of hypertension (44) , most of the available evidence in rodent models suggest that a deficiency in the renal production of 20-HETE is associated with the development of several salt-sensitive forms of hypertension. For example, the renal production of 20-HETE is reduced in Dahl saltsensitive (DS) rats and in rats with DOCA-salt hypertension (25, 37) . Induction of the renal formation of 20-HETE lowers blood pressure in the DS rat, obesity induced and angiotensin II-dependent hypertension and the stroke prone spontaneously hypertensive rat (SHRSP) (34, 36, 43, 46) . Chronic blockade of the formation of 20-HETE has also been shown to induce the development of salt-sensitive hypertension in normally saltresistant strains of rats (13, 39) . While the role for alterations in renal 20-HETE in the development of salt-sensitive hypertension has been well established in rodent models, the role of renal 20-HETE in the development of hypertension in humans has yet to be definitively examined. The urinary excretion of 20-HETE has been reported to be reduced in salt-sensitive patients challenged with an infusion of saline or furosemide PG-0003-2007 Final Accepted Version 3/4/07 (18, 21) . There are also recent studies linking an C to T mutation in CYP4A11 gene which reduces the production of 20-HETE with elevated blood pressure in 3 large human populations (11, 27, 29) .
In humans, there are several CYP omega-hydroxylases which have the potential to convert AA to 20-HETE. CYP 4F2, 4F3b, 4F11, 4F12 and 4A11 isoforms are all expressed in the human kidney and each has the capability of converting AA to 20-HETE. However, immunoprecipitation studies performed with human kidney microsomes suggest that the 4F2 isoform accounts for up to 70% of the 20-HETE production in human renal microsomes (24). The CYP 4F2 isoform is also expressed in the liver, lung and white blood cells and is the main enzyme responsible for the ω-hydroxylation of leukotriene B 4 (LTB 4 ) although several other CYP 4F isoforms can ω-hydroxylate LTB 4 as well. This metabolite undergoes further metabolism to 20-carboxy-LTB4 which can undergo B-oxidation from its ω-side and along with traditional beta oxidation from the C-1 carbon which leads to the inactivation of this pro-inflammatory agent (15) . The purpose of the present study was determine if variants exist in the coding region of the human CYP 4F2 gene and to determine the effect of these variants on the metabolism of AA and LTB 4 .
Methods

Sampling panel screening and mapping of nonsynonymous CYP4F2 polymorphisms.
Directed PCR and DNA resequencing of the genomic region encompassing CYP4F2 (all intronic and exonic sequence including ~2 kb upstream and 1.1 kb downstream) was protein sequence (relative to Genbank accession no. AAL67578). Both of these variants were found to be common in both African-and European-American sampling panels.
Polymorphism allele frequencies were 21% and 11% for the rs3093105-T minor allele and 9% and 17% for the rs2108622-A minor allele in the African American and European American panels, respectively. Both polymorphisms were in Hardy-Weinberg equilibrium in the panels studied. Linkage disequilibrium between SNPs within CYP4F2 was determined using the r 2 statistic to identify perfectly correlated (r 2 = 1) SNPs (tagSNPs - 
Cloning of the Human 4F2 Variants
The human 4F2 variants were cloned from a mixed pool of human full length cDNAs derived from RNA isolated from 21 different organs including the kidney and liver OH-LTB 4 (Cayman Chemicals) standards as previously described (3, 8) .
Results
Functional SNP descriptions and linkage disequilibrium relationships. For each of the two nonsynonymous coding SNPs tested in this study, we determined the set of perfectly correlated SNPs discovered through directed resequencing in two diverse human sampling panels. For the W12G (rs3093104) polymorphism, 15 SNPs and 27 SNPs were found to be perfect surrogate markers (tagSNPs), in the African-American and European panels respectively (Table 1 ). This set of tagSNPs extended ~1. and was identical to that generated by fragmentation of the carboxylate ion generated from an authentic LTB 4 standard. Substitutions at amino acids 12 (G12) and 433 (M433) had no effect on the rate of formation of 20-hydroxy-LTB 4 which averaged: 18 ± 5, vs.
13 ± 1, vs.16 ± 4, vs. 11± 3 pmoles/min/nmole P450 in W12/V433, G12/V433, W12/M433, and G12/M433 variants, respectively.
Discussion
The present study identified a functional polymorphism in the coding region of the human CYP4F2 gene which decreases the production of 20-HETE. The M433 allele encodes for a methionine to valine substitution at amino acid position 433. This substitution decreased 20-HETE production by about 50%, but it had no significant effect on the ω hydroxylation of LTB 4 . The G12 allele which encodes for a glycine to tryptophan substitution at amino acid 12 did not have any significant effect on the ω-hydroxylation of AA or LTB 4 . Both of these variants were common in African-and 3/4/07
European-American sampling panels and exhibited allele frequencies ranging between 9 and 21 percent. Numerous perfectly correlated SNPs (tagSNPs) were identified that can serve as surrogate markers for the W12G polymorphism but no perfectly correlated tagSNPs could be identified for the V433M polymorphism.
Several lines of evidence support the idea that the CYP4F2 isoform serves as the major variant is more prevalent in salt-sensitive hypertensive subjects. There is precedent for this in that a variant that exhibits reduced enzyme activity has been identified in the CYP4A11 isoform has been associated with hypertension in three large human population studies (12, 28, 30) . It is possible that functional polymorphisms in the CYP4A11 and CYP4F2 genes can lead to additive or synergistic effects to reduce 20-HETE production in carriers of the low activity alleles of these genes. which can be further broken down by β-oxidation on both the C1 and w terminus of the molecule. We further demonstrated that the metabolism of LTB 4 to the hydroxyl metabolite is not affected by any of the CYP4F2 variants studied.
The analysis of linkage disequilibrium between the two functional polymorphims tested in this study and other SNPs discovered by comprehensive resequencing provides information on other surrogate markers (tagSNPs) and linked polymorphisms. At the most stringent r 2 levels (r 2 = 1.0), numerous tagSNPs, in both panels, could be used as a representative SNP for the W12G variant (Table 1 ). This information is important when selecting highly informative SNPs to be assayed in genetic association studies with a quantitative trait of interest (e.g renal injury) or for interpreting results to identify "functional" polymorphisms (i.e. a non-functional, surrogate SNP could have been selected without knowledge of a linked functional SNP). Linkage disequilibrium also describes the set of SNPs that co-occur on the same haplotype background, and could give rise to interactions or synergistic effects between "functional" polymorphisms (e.g.
SNPs affecting transcription of a specific nonsynymous allele). It is important to note
that none of the polymorphisms show perfect linkage disequilibrium with the V433M SNPs affecting 20-HETE production. Therefore, genotyping this SNP directly would be required in any association study to achieve maximal statistical power, especially in the African-American population that does not have any surrogate tagSNPs even at lower 
Conclusion
We have identified a functional variant in the human CYP4F2 gene (M433) which results in a decrease in 20-HETE production from AA but does not affect the metabolism of LTB 4 to 20-hydroxy-LTB 4 . The other variant, G12, had no effect on either the metabolism of AA or LTB 4 . Both of these variants are found in high frequencies in Intens. 
20-OH LTB4
